Background: Groups of immigrant and minority women are more often diagnosed with advanced stage breast cancer than other women. Mammographic screening aims to reduce mortality from breast cancer through early detection in asymptomatic women. Purpose: To compare mammographic screening attendance among immigrant and minority women to that of other women. Material and Methods: A literature search of PubMed, Embase, Google Scholar, and Cochrane identified 1369 papers published between January 1995 and March 2016. In the review, we included 33 studies investigating mammographic screening attendance among immigrant and/or minority women. In a meta-analysis, we included 19 of the studies that compared attendance among immigrant and/or minority women with that among other women, using a random effects model. Results: The review included studies from Europe, North America, and Oceania, with 42,666,093 observations of opportunities for mammographic screening. Attendance was generally lower among immigrant and minority women compared to other women (46.2% vs. 55.0%; odds ratio ¼ 0.64, 95% confidence interval ¼ 0.56-0.73; P < 0.05, I 2 ¼ 99.9%). Non-Western immigrants had lower attendance rates than other immigrants. Conclusion: Immigrant and minority women had lower mammographic screening attendance than other women, which could potentially put them at increased risk for more advanced breast cancer. This review emphasizes the importance of continued efforts to engage with the preventative health needs of diverse populations in attempts to achieve equality in access to, and use of, care.
Introduction
Breast cancer is the most common cancer among women worldwide (1) . Incidence rates vary geographically, from 27 per 100,000 in Middle Africa to 96 per 100,000 in Western Europe (1) , between ethno-racial groups within countries, and within ethno-racial groups over time (2, 3) . Women who migrate from countries with lower breast cancer incidence to countries with higher breast cancer incidence have been shown to increase their risk of developing breast cancer, whereas their daughters are reported to have incidence rates comparable to the rest of the population (4) (5) (6) . Importantly, groups of immigrant and minority women are more often diagnosed with late stage breast cancer than other women, which is associated with a higher mortality rate from the disease (3, (7) (8) (9) .
While there is currently no strategy for primary prevention of breast cancer, mammographic screening represents secondary prevention (10, 11) . The observed improvements in breast cancer mortality are probably due to a combination of detection of early stage disease through screening and improved treatment (10) .
Mammographic screening rates differ between and within countries (Suppl. Table 1 ) (12) . Screening services can be organized or opportunistic. Organized screening programs have a national or regional team responsible for delivering services, enforcing quality requirements, and reporting performance metrics and other results. Most countries in the European Economic Area, along with Australia and New Zealand, offer organized mammographic screening (12, 13) . In North America, Canada offers organized screening, while breast cancer screening in the United States is mainly opportunistic. In opportunistic screening, mammography is performed for the early detection of cancer, but not within organized programs. In opportunistic screening, payment and reimbursement may depend on the women's healthcare insurance.
Screening recommendations do not take into account differences in incidence and stage of disease between ethno-racial groups. As immigrants and minorities receive the same recommendations as other women, disparities in screening rates based on immigrant or minority status represent a potential for inequality in access. Our objective was to explore such a potential inequality by comparing mammographic screening attendance among immigrant and minority women to that of other women.
Material and Methods
We carried out a systematic review of published papers evaluating screening attendance among immigrant and minority women with data from studies carried out from January 1995 to March 2016, stratified by country and continent. We also conducted a meta-analysis evaluating attendance among immigrant and minority women vs. women in the rest of the population. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline's checklist was used to ensure that relevant considerations were taken in all parts of the study (14) .
In our review, we defined immigrants as women born in any other country than where the study was conducted, and minority women as women born in the country under study, with an ethnicity reported as different from that of the majority in that country. If it was not clear whether the women were immigrants or minorities due to missing information about country of birth, we placed them in the minority group.
In the studies included in this review, information about screening attendance was collected both from registries and through surveys. Most studies from North America were surveys that had asked women if or when they had had a mammogram, but not necessarily whether the procedure had been performed in a diagnostic or screening setting. We considered all mammograms included in this review screening mammograms since they were reported in papers considering mammography as a preventive procedure.
Literature search
Following the ''PICO'' (Population, Intervention, Comparison and Outcome) framework, the objective of our review was to determine whether immigrant and minority women (P) in age groups targeted for mammographic screening (I) had lower screening attendance rates (O) than the rest of the population (C). Fig. 1 summarizes the process we used to identify, assess and include studies. We started with a search of PubMed (step 1) using two different combinations of search terms. Each combination included several of the following words/phrases: breast cancer, ethnicity, immigrant, migrant, minority, race, screening, mammography, participation, inclusion, and selection (see Supplemental Material for detailed search strategy). We reviewed abstracts of all articles identified and the full text if the abstract indicated that the study had investigated screening attendance among immigrant and/or minority women.
The PubMed search identified 488 papers, either directly (n ¼ 342) or indirectly through a careful review of referenced publications listed in those papers (n ¼ 146). Review articles were not included in our study, but were read in order to identify relevant original articles. Two researchers (SB and SSHH) read the abstracts of the papers independently and excluded 158 papers based on the abstracts. Reasons for initial exclusion were that the study objectives were irrelevant for this review (n ¼ 154), or the article had been written in a language other than English, Norwegian, Swedish, or Danish (n ¼ 4). Any disagreement between SB and SSHH was resolved by examining the full text of the paper. A total of 330 papers were read in full, of which 21 were included in the review. The remaining papers were excluded because they met one or more of the exclusion criteria (Suppl. Table 2 ).
In step 2, we searched Embase (n ¼ 652), Google Scholar (n ¼ 217), and Cochrane (n ¼ 5) for relevant papers (see Supplemental Material for detailed search strategy). These searches led to the inclusion of 12 additional papers. Finally, we identified seven papers we came across through other sources and participation in international meetings, but due to our exclusion criteria, none of these were included in the review.
Altogether, we identified 1369 papers through steps 1 and 2, of which 33 were included in the review. From the included papers, data on screening attendance were extracted or calculated.
Statistical analyses
Some studies reported ever attendance and whether the attendance was within a defined period. From these studies, we selected attendance in the defined period for the meta-analysis. Other studies had overlapping populations. From these studies, we included the study with the highest number of observations and the longest period. For two of the papers reporting on studies of populations partly included in other publications, we extracted data not included in the other paper (15, 16) . Only studies with a control group were included in the meta-analysis, as we compared immigrant and minority women to non-immigrant and non-minority women.
The studies included were performed in settings that differed greatly with respect to organization of mammographic screening services and attendance rates in the control group. Also, the studies asked similar but not identical questions and included different immigrant and minority groups. For the meta-analysis, we chose a random effects model over a fixed effects model as we did not expect the true effect to be the same in all studies (17) . Additionally, we performed sensitivity analyses using a fixed effects model, a model purely based on population size and models excluding the three largest studies. We calculated odds ratios (OR) for mammographic screening attendance among immigrant or minority women (cases), using non-immigrant or non-minority women as controls. Statistical heterogeneity among studies was assessed through I 2 statistics. For the interpretation of I 2 , results of 25%, 50%, and 75% were interpreted as low, medium, and high heterogeneity, respectively (18) . We considered P values <0.05 statistically significant. All statistical analyses were carried out using STATA/MP 14.1 for Windows. Fig. 1 . Flowchart of selection of papers included in the meta-analysis. In the Cochrane reviews, we examined the papers examined in the reviews.
Results

Overview
Our review covered 42,666,093 observations of opportunities for screening attendance in ten countries across three continents, of which 42,363,681 were included in our meta-analysis (Suppl. Fig. 1 2 ¼ 99.9%) (Suppl. Fig. 1 ). Among the 19 papers included in the meta-analysis, only one showed higher attendance rates among immigrant or minority women, showing that Turkish minority women had higher attendance rates than other women in Germany (19) .
Sensitivity analyses using a fixed effects model and a model purely based on population size resulted in lower overall ORs in the range of 0.47-0.50. Analyses without the three largest studies resulted in overall ORs of 0.68-0.76 (range).
In Europe, the attendance rate was 64.1% among immigrant and minority women compared to 77.6% among other women, resulting in an OR of 0.61 (95% CI ¼ 0.43-0.88; P < 0.05, I
2 ¼ 99.9%) (Suppl. Fig. 1 ). In the United States, the corresponding rates were 48.9% and 78.3%, respectively, resulting in an OR of 0.69 (95% CI ¼ 0.63-0.76; P < 0.05, I
2 ¼ 83.8%). In Oceania, the attendance rates were 42.8% and 53.0%, respectively, giving an OR of 0.58 (95% CI ¼ 0.44-0.77; P < 0.05, I
2 ¼ 100%).
Immigrant women
Immigrants had lower attendance rates than other women in Australia, Canada, Denmark, the Netherlands, Sweden, Switzerland, and the U.S. (64.1% vs. 81.8%) (Suppl. Fig. 1 , Suppl. Tables 3  and 4 ). While the papers included in our review had different definitions and categorizations of immigrants, most immigrants were from so-called Western countries, with the exception of the studies from Denmark, which had similar numbers of Western and nonWestern immigrants. In general, non-Western immigrants appeared to have lower screening attendance than other immigrants.
Minority women
The papers included in our review reported lower attendance rates for minority women than nonminority women (43.6% vs. 53.3%). In England, South Asian women had lower attendance rates than other women; in Scotland, women with backgrounds from Pakistan, Africa, ''other South Asian'' countries, and India had the lowest attendance rates; and in the United States, several papers reported lower attendance among ethnic minority women than among nonHispanic whites. Only one study, conducted in Germany, showed higher attendance rates among minority women than in the rest of the population.
(Suppl. Fig. 1 , Suppl. Tables 3 and 4 ). All four papers that specifically compared indigenous minorities to a control group found lower attendance rates among indigenous women (Suppl. Fig. 1 , Suppl. Tables 3 and 4) .
Discussion
This review demonstrates that immigrant and minority women, however defined, attended mammographic screening less often than other women. With a single exception, the lower attendance rates were observed irrespective of country and continent of residence. Immigrant women from non-Western countries had lower attendance rates than other immigrant groups, putting them at disproportionate risk for diagnosis of advanced breast cancer and, correspondingly, higher rates of morbidity and mortality. Other work has indicated that this disparity forms part of wider inequalities in access to and utilization of health services between immigrants and non-immigrants (20) . Our results emphasize the importance for health systems and health services to find ways of better engaging with immigrant and minority groups in efforts to address their health needs. This includes addressing circumstances that may prevent immigrant and minority women from accessing preventive care. An issue of general importance would be to ensure that disease prevention is shaped and delivered in ways that renders it meaningful in the lived worlds of those to whom it pertains (21) .
Insurance status has been shown to be a strong predictor of screening attendance in the United States (22) , where screening is mainly opportunistic. The impact of insurance status was demonstrated in a study in which higher screening attendance was observed among insured immigrants than among uninsured natives (23) . However, screening attendance was also significantly lower among immigrants in countries with organized screening programs although many such programs offer screening free of charge.
Income, education, and other sociodemographic factors may influence screening attendance (24) . Income may also be relevant in the setting of organized screening, as women in some countries have to pay user fees. It is possible that part of the difference observed could be explained by sociodemographic disparities, as adjusting for sociodemographic factors can attenuate or eliminate ethnic differences related to attendance (23, 25, 26) .
Women from certain ethnic groups may be less likely to receive information and recommendations about mammographic screening from their physicians (27) . If they receive such information and recommendations, it is possible that the language, wordings, and content of the information may not reflect different needs for information. To better understand how disparities in social, economic, and cultural circumstances as well as perceptions of health and disease may affect screening attendance, a host of structural, political, and societal factors must be considered (28) (29) (30) (31) . Importantly, many disparities are produced and reproduced in the course of daily medical practice.
Only one paper in our review demonstrated higher screening attendance among minority women than among other women. The group in question was Turkish-named women in Germany, identified through a name-based algorithm (19) . This group might have included both Turkish immigrants and German-born women with a Turkish background, and a higher degree of acculturation may be expected among nonimmigrant minority women than among immigrants. Additionally, the higher attendance rates were mainly observed in the younger part of the target group. Studies in neighboring Denmark and the Netherlands have found lower attendance among Turkish immigrant women than among non-immigrants (32, 33) .
The high degree of heterogeneity between reviewed studies, both in total and within geographical areas, as represented by the I 2 -values (Suppl. Fig. 1 ), represent a limitation of our study. We evaluated attendance rates in countries with different organization of screening and definitions of immigrant and minority women. Further, the studies varied in screening intervals and age groups of the study population. The control groups differed in terms of screening attendance, and several papers, particularly from the United States, were based on self-reported information with potential recall bias (34) . However, the observed trend in the meta-analysis was convincing, and all but one study had ORs significantly below baseline.
The majority of the papers identified in the primary search were from the United States. Most of these papers were excluded, either due to small sample size or because they had been carried out before 1995. Nonetheless, our review included more papers from the Unites States than from any other country, potentially giving a geographical bias. Screening in the United States is mainly opportunistic, and the results might not be as valid for high-income countries offering organized screening.
The varying size of study populations from different countries may also have contributed to geographical skewness. Australian women accounted for 84.2% of the study population in the meta-analysis, and in total, women from Oceania accounted for more than 90%. However, the random effects model chosen for our meta-analysis reduced the impact of the size of the study population.
It should be noted that we excluded papers that presented rates or adjusted percentages of attendance if absolute counts were not provided. Furthermore, we excluded papers where we identified a discrepancy when adding counts provided for subgroups and comparing these to the total sample size. Papers with results that we were not able to recalculate were also excluded. These omissions could have led to the exclusion of relevant results.
All the papers from the United States reported lower attendance rates among minority women than their respective control groups. Other studies from the United States have found that African-American and/ or Hispanic women may have similar or higher attendance rates than non-Hispanic whites (35) . We excluded these papers, primarily because they did not present absolute counts.
The meta-analysis included accumulated data from studies with similar, but not identical designs that we attempted to generalize. Based on our methods and material we assumed that the random effects model accounting for both within and between study variations was appropriate. This resulted in very similar weights across studies (range ¼ 5.05-5.37%) and a conservative estimate compared to other models. All models except the random effects model showed significantly larger differences in the observed attendance rates between immigrant and minority women in countries with organized screening programs compared to the United States where screening is mainly opportunistic.
In conclusion, our review identified that immigrant and minority women generally attended mammographic screening to a lesser degree than other women did. This could potentially put them at increased risk for being diagnosed with breast cancer in a more advanced stage. ORs varied between the studies, and attempts to achieve equality in access to screening should not only address features shared by services in different countries, but importantly also local factors that prevent individuals from gaining access to screening. This could include structural, political, and societal factors.
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